A HIGH- 


PERFORMANCE 
2-METER TRANSVERTER 


Modular approach 
makes construction 
and modification easy 


By Bob Lombardi, WB4EHS, 1874 Palmer Drive, 
Melbourne, Florida 32935 


interested in this part of the spectrum after having worked 
just about all ofthe DX available on HF. This wasn'tthe case 
for me. The possibilities of 2-meter operation appealed to me 
ontheir own merits. There is OSCAR, moonbounce, meteor 
scatter, SSB, CW, and a host of propagation modes to explore. 
My interest in these modes of communication led me to 
review their requirements. | realized that commercial rigs avail- 
able at the time didn't have the two main features | was look- 
ing for — alow noise figure and a selectable CW filter. Like 
many before me, | decided to build a transverter for my HF rig. 
These were my design goals: 
« low noise figure, in keeping with the state of the art; 
¢ output power in the range of 5 watts, with excellentlinear- 
ity (third-order IMD at least 30 dB down); 
* good rejection of anearby NOAA weather radio relay (at 
least 40 dB down); 
© moderate gain (enough to overcome the front end noise 
of the HF rig); 
® good dynamic range. 
| adopted a modular design approach advocated by Joe 
Reisert, W1JR, and others. | like this design because it gives 
me the ability to get sections working and tied together 
quickly. This, in turn, makes the project seem less like a con- 
stant uphill battle. Also, the modular method with its replace- 
able sectionsis a great benefit when you come up with a bet- 
ter design. The block diagram of the transverter appears in 
Figure 1. 


F tseems that many VHF/UHF enthusiasts say they became 
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Receive strip 


The receive side input (Figure 2) is a GaAsFET low-noise 
amplifier (LNA) that uses a circuit similar to Reisert’s' and to 
those in general FET applications notes. The device is a sin- 
gle gate MGF-1402 made by Mitsubishi; it’s available from 
several sources.* The 10-k resistor on the input bleeds off static 
buildup. Any value around 10 k will work, as long as you use 
acarbon composition resistor. (| had a persistent and elusive 
oscillation; it was caused by the metal film resistor | was using}) 
| used diodes around the regulator to protect against regula- 
tor !atch-up or inductive spikes from the T/R relay. The ampli- 
fier had a noise figure of under 0.75 dB and again of 23 dB, 
as measured on an Alltech noise figure meter and HP network 
analyzer. 

The filter (Shown in Figure 3) was described in an earlier arti- 
cle.2 | wanted the filter to be narrowband enough to pass all 
4 Mk2z of the band, and still provide over 40 dB of rejection 
at 162.55 MHz. It provides nearly 55 dB, at a cost of about 5 
dB of insertion loss. At this point, however, there was gain to 
burn to meet the design goals of about 10 dB of gain in the 
complete transverter. 

A 116-MHz overtone crystal oscillator provides the LO func- 
tion for both sides of the transverter (Figure 4). The oscillator 
is acommon base design, largely based on Reisert.3 The out- 
put was measured at +13 dBm, allowing the use of a two-way 
power splitter to provide LO to both mixers. 

The receive mixer is a Mini-Circuits SRA-1000 (see Figure 
5). Itis essentially the same as their SRA-1 in this application. 
The IF output goes into a diplexer and 24 to 34-MHz band- 
pass filter. In band, the diplexer (the parallel-resonant circuit 
and 51-ohm resistor) presents an open circuit, and no signal 
flows in the resistor. As the frequency changes the reactive 
components tend to short out the tank circuit, allowing signal 
to flow into the termination and to ground. The mixer sees the 
51-ohm resistor at these frequencies. 

The receiver input stage is largely responsible for determin- 
ing the system noise figure, and the noise figure is degraded 
by any losses in front of it. If you're new to the field of low-noise 
design, this explains what must seem like the unconventional 
design of the transverter; i.e., the amplifier ahead of the filter. 
(This is a common design technique in microwave receiver 


*See parts sources at the end of the article. Ed. 
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Block diagram of the complete transverter. 


FIGURE 2 
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Schematic of the receive input RF amplifier. 


design, like TVROs.) To minimize the effects of losses infront | predominates. While this maybe true, my idea all along was 
of the amp, | used foam-flex (hardline) coax as the feedline, _ that receiver noise shouldn't be a limiting factor if! wanted to 
with short flexible jumpers of RG-214/U where required. swing my antennas up for OSCAR — or anything else | might 

Other hams have told me on the air that my low noise fig- _ try. When you add that to the high intercept point of the GaAs- 
ure is unnecessary in 2-meter SSB because ground noise FET front end, and the resulting improvement in dynamic 
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FIGURE 3 


0.63pF** O.53pF* * O0.63pF** 


STRFIEIFE 


ALL COILS COILCRAFT T-113 11/2 TURNS 680H WITHOUT SLUGS 
* RESONATING CAPS 2.5-l]0pF VARIABLES IN PARALLEL WITH 10pF CERAMIC 
** COUPLING CAPS 0.25 -25pF TEFLON TRIMMERS 


Details of the BP (bandpass) filter on the receive line. 


FIGURE 4 


SIGNAL 
2N5179 OUTPUT 


Li = 8TRNS #24 CLOSEWOUND ON 
0.100 FORM (REMOVED) 

FB = FERROXCUBE #56-590 
65 /4A6 


YJ =116.0000MHz 5th OT 
INT'L CRYSTAL 


Local oscillator using a 116-MHz overtone crystal. 


Parts list 2-8 mica 2PA 
CAPACITORS 2.4-50 mica 2PA 
Electrolytic or tantalum 2.5-10 ceramic 5 
1.5 »F/15 volts 1 each 9-35 ceramic 4 
2.2 »F/15 volts 1 Radio Shack 272-1435 5.5-18 "* 
4.7 »F/15 volts 3 272-1024 *Most of these came from my junkbox, the result of years | 
10 «F/35 volts 1 272-1025 hamfest buying. Try Communications Concepts, Inc., and other 
330 F/16 volts 1 272-1030 (470 ,F) Some of these could be made into more parts of one value. 
Ceramic, monolithic dipped, 50 volts (Z5U or X7R) 
68 pF 2 RESISTORS 
470 pF 1 1/4-watt carbon composition, 5 percent 
0,001 uF 20 51 ohm 1 
0.01 uF 10 100 ohm 1 
0.1 wF 1 200 ohm 2 
Ceramic, monolithic dipped, 50 volts (COG or NPO) 1k 2 
3.9 pF a 15k 1 
4.7 pF 1 4.7k 1 
10 pF 8 5.6 k 1 
27 pF 1 10k 4 
39 pF 1 100 k 1 
47 pF 2 1/2-watt carbon composition, 5 percent 
270 pF 2 100 ae ere 
ohm 2 
Trimmers—all values in pF 750 ohm 1 
0.25-2.5 Teflon 4 BP filters 
0.5-5 glass/air 1 GaAsFET amp ne —— er 5 percent 
ohm 


1-5 pF ceramic 5 
2-20 ceramic 5 68 ohm 1 


FIGURE 5 


ACV I-F OUT 


Al = MINICIRCUITS SRA~ 1000 OR SRA-1 
A2 =MINICIRCUITS SBL-1 


Cl. 2 ©19.5pF (10pF IN PARALLEL WITH 
2-20pF VAR) 


3.4 318pF (270pF IN PARALLEL WITH 
47pF FIXED) 


12,241,594H 19 TURNS #24 ON 
144-6 (AMIDON) 


L3.4*97232nH 7 TURNS #28 ON 


T20-10 (AMIDON) 


ALL RESISTORS 1/4 OR 1/8w 
CARBON COMP 


Receive and transmit mixer schematic. 


2-watt carbon composition ee PARTS 
Any value over 100 k (used as coil form) FT-23-63 1 Amidon 
1/8-watt carbon composition, 5 percent Beads, Ferroxcube type 446 4 Amidon (cross-reference) 
18 ohm 2 Two-hole balun (for RFC on driver assembly) 
300 ohm 4 BLN 43-2402 3 Amidon 
bi gil uJ Ferroxcube VK200-19/48 1 Amidon (cross-reference) 
TOROIDS 
SEMICONDUCTORS 144-6 2 Amidon 
Diodes 720-10 2 Amidon 
1N4148 general purpose _ 6 (widely available) Note: The exact ferrite bead used in most cases isn’t critical. It 
1N4004 rectifier 1 should present several microhenries of inductance at the operat- 
1N757 9-volt zener 1 ing frequency. 
Transistors SBL-1 mixer 1 Mini-Circuits, others 
2N2222 NPN 1 SRA-1 1 
ripened ec ocr TSC-2-1 power splitter 1 Mini-Circuits, others 
Parts Company vertone 1 
2N5179 NPN 1 AF Parts Company $n casa pet ee a eee deine 
MGF-1402 GaAsFET 1 RF Parts Company T/R power switch relay 12 volt 1 Radio Shack 
MRF-134 powerFET 1 RF Parts Company T/R coaxial relay 12 volt 1 Communications Concepts 
RF coaxial connectors 15 SMA female (as required) 
OTHERS Coaxial jumpers (as required) 
MWA-130 amplifier modules 2 Communications Concepts Boxes (as required) 
78L05 5-volt regulator 1 (widely available) Feedthrough capacitors 0.001 »F 50 volts 
78L08 or 78M08 8-volt regulator! (widely available) (as required, 1 per box) 
LM-311 comparator 1 (widely available) 2 


FIGURE 6 


MWA-130 


MW4-130 


(025-2.5 pF) 
O.7pF 


Transmit predriver schematic. 


FIGURE 7 


L1= 3 TURNS #16 1/450. 10. 
L224 TURNS #18 3/16 in. 1.0. 
L3=4TURNS #18 1/4 ia 1D. 


* IN4004 MOUNTED IN THERMAL 
CONTACT WITH 2N3553 


Driver chain schematic. RFC 1-4 = 4 turns of no. 20 wire through a two-hole ferrite balun. Amidon no. BLN 43-2402. 


range, the GaAsFET still seems the most logical choice. 

My initial test of the receive side yielded good results. While 
conducting tests with WA4GHK (15 miles south), it was easy 
tocopy K4DZP in Miami (over 160 miles south) — despite my 
makeshift indoor antenna! 


Transmit chain 


The transmit portion of the transverter presents its own prob- 
lems; the biggest is linearity. A rule of thumb for diode ring 
mixers (like the SBL-1 used here) is to have the input signal at 
least 10 dB below the LO for best linearity (see Figure 5). 
Because one of my design goals was to achieve very good 
linearity from the transmitter, the first thing | did was pad the 
input drive (+3 dBm) from my HF rig. The resulting level was 
about -7 dBm, 14 dB lower than the LO drive. Since all the 
pads were made with the closest value resistors, and the mixer 
itself contributes loss, | measured the conversion loss of the 
transmit mixer. [t was 17.7 dB. 

The pre-driver stage in Figure 6 is suppposed to recover 
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all of the signal lost in the conversion, provide enough filter- 
ing to remove significant power on the image frequency, and 
reduce LO feecthrough. | used MWA-130 amplifiers, modu- 
lar 50-ohm in-and-out devices in TO-5 cans, because they are 
easy to use and were available on a surplus board that | 
scavenged. The power out at this point is 4 mW (+6 dBm). 

The actual drivers are two transistors, a 2N5109 and a 
2N3553 (see Figure 7). The first device is a well-Known VHF 
linear transistor; the second is a 28-volt, TO-5 can device capa- 
ble of 2 watts if run class C. This was originally to have been 
athree-transistor strip with 1 watt out from a third 2N3553, but 
| was never able to get them to more than 500 mW and still 
remain linear with a 12-volt supply. | tried many variations of 
bias circuits, matching networks, and pc layouts. The two- 
device strip | settled on produces 18 dB of gain, or about 250 
mW out. 

The final amp is a Motorola MRF-134 TMOS powerFET that 
delivers just over 4 watts out and a clean, linear signal (third- 
order intermod down just over 30 dB). See Figure 8 for details. 
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New from ARRL 


Following the hard-cover style of Transmission 
Line Transformers, and Yagi Antenna Design, 
Antenna Impedance Matching is written with the 
advanced amateur, antenna design engineer and tech- 
nician in mind, but even if you don’t have any special 
expertise you'll be able to develop very sophisticated 

systems. This is probably the most ap ale 2s 
book ever written on the use of Smith Charts™ 
solving impedance matching problems. This pines 
book is of importance to those who want to maximize 
antenna effectiveness. A properly matched antenna as 
the termination for a line minimizes feedline losses, 
and power can be fed to such a line without the need 
for a matching network at the line input. Antenna 
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225 MAIN STREET 
NEWINGTON, CT 06111 


GET A BIRD’S EYE VIEW 


From GrafTrak II and your IBM® PC 


SUGARLAND AO-13 *» 1989 FEB 19 06:55: 14 


LAT 2.2°n ECHO 258 ms ELEV 15.3° 
LON 32.4° wv FRQ 145.81271 AZIM 102.8° 
HGT 33296 km DOP -294 Hz SQUINT 18.6° 
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The package includes an editor program used to construct and modify sat/obs data base files. In addition, a program to update 
data base files from bulletin boards, complete source code for a compatible rotator and receiver control program and several other 
utilities are included 
Requires an IBM PC, PCUXT, PC/AT, of true compatible. an IBM Color’Graphics Monitor Adaptor or true compatible, optional 
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P28VD 28-30 <1 15 0 OGFET $29.95 
P50VD 50-54 <13 15 OGFET $29.95 
P50VDG 50-54 <0.5 24 +12 GaAsFET $79.95 
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SP432VDA 420-450 <12 17 -20 Bipolar $79.95 
SP432V0G 420-450 <0,55 16 +12 GaAsFET $109.95 
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meter. RX only are pene are for receive applications only. inline preamplifiers are rf switched (for use 
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FIGURE 8 


Ll =3 TURNS #18 0.3 in. 1D. CLOSEWOUND 
L2 +4 TURNS #218 0.3 in. 1.0. SLIGHTLY SPREAD 


? RF OUT (34 WATTS) 


68S IW RES 1S COMP OR FILM 


RFC =7.54H WOUND ON LARGE FERRITE BALUN 
CORE OR FERROXCUBE VK~-200-19/48 


L3 =20 TURNS #20 ON 2W CARBON COMP. 2 100k 


Final amplifier using an MRF-134. 


All design decisions are tradeoffs. For example, using the 
MRF-134 created the need for a small 24-volt supply — but 
} gained advantages in other areas. First, the FET is guaran- 
teed to deliver rated power into a 30:1 VSWR at any phase 
angle (no delicate device here!); second, it's capable of more 
gain in one package than a bipolar; and last, it worked the first 
time | tried it— a very enjoyable experience after my trials and 
tribulations with the ‘3553s. 

The circuit is taken largely from the Motorola RF Data Book 
applications note.4 Component changes are based on avail- 
ability and personal preferences. In any RF power amplifier 
it's essential to keep the ground leads of the device as close 
as possible to ground on the board. | connected top and bot- 
tom foil with a strip of copper shim stock at the point where 
the source leads leave the device package. The FET itself is 
onan extremely overrated heat sink; after extended key down 
periods everything remains at ambient temperature. 

The outputfilter in Figure 9 is an elliptical low-pass design. 
The two parallel resonant circuits are tuned to 313 and 487 
MHz with a grid-dip meter; the other caps are adjusted for 
minimum insertion loss while you watch output power ona 
wattmeter. My version had a measured insertion loss of under 
0.2 cB. 

| used a simple comparator on the PTT line from the HF rig 
to do the T/R switching (see Figure 10). The relay is DPDT. It 
switches 12 and 24 volts to the transmit amplifiers and 12 volts 
to the antenna relay (a Dow-Key relay | picked up at a local 
hamfest). The relay provides over 40 dB of isolation during 
transmit; the GaAsFET sees —4 dBm, well within its capabili- 
ties. (I leave it powered on continuously.) This relay should be 
adequate at power levels of up to 100 watts. 


Construction and alignment 


This is a sophisticated project and you'll need building 
experience. If you’ve had experience with other RF circuitry, 
you'll find it presents few special challenges. | used pc boards 


FIGURE 9 


BOTH COILS WOUND AS 2 TURNS #18 0.310 in. 1.0. 


Schematic of the transmit LPF (low pass filter). 


for the GaAsFET RF amplifier, filters, and all transmit stages. 
The LO, mixers, and the T/R switching boards are built “dead 
bug” style; they function quite well that way. If you are an 
experienced builder who uses point-to-point techniques at 
these frequencies, you may want to use that method. | used 
SMA connectors on small-diameter coax (RG-188) for signal 
interconnects. You may prefer to use BNCs. Likewise, | used 
pc board material for housing circuits — you may prefer com- 
mercially made enclosures. 

I've already mentioned the need to keep grounds short on 
the final amplifier; the same holds true for the driver stages. 
This is the strongest argument for using pc boards for these 
stages. The emitters of the driver transistors are grounded 
immediately, with minimal lead length. 

There are no ‘“‘peculiarities” of alignment. Align the filters 
separately, tuning them as desired. It’s best to align the trans- 
mit stages with a spectrum analyzer. Tune the drivers for best 
output while observing third-order intermod. This will not 
occur at maximum power out. The same applies to the final 
amplifier. 

Ideally, the GaAsFET should be aligned with noise figure 
instrumentation. If thatisn't available, tune for maximum noise 
level by ear, and then detune slightly. The optimum noise fig- 
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TUNERS STOCKED: 
IIA, TS1406, TSABOG AZ) TS-THOA NYE MBV-A 3 Killowatt Tuner 9 
Budwig ANT. Products . 
NEL-TECH OVK. 100 Digital Voice Kerywr 
FLUKE 77. 69,85. 07 Multimeters 

ha ‘emeaher 


Write for Pree ¢ atmo ‘2 —_ 
| 


— a3 x 
ue «(DOWN EAST MICROWAVE 
Bill Olson, W3HQT 
Box 2310, AR 1, Troy, ME 04987 
(207) 948-3741 


ALINCO 
O)-400T 
VoCom/Mirage/Alinco 
Tokyo Hy-Power/TE SYSTEMS Cumann 
Fee oueme mane frewpvpoveg ie SHORTWAVE RECEIVERS 
COUNTERS UTU, KAM. KPC 
Oca STOCKED 
emt rom 


Amplitiers & 
‘ Computer intertaces tae | Gre KPC 2400. KPC IV 
5/8X HT Gain é 
- Stocked: MFJ-1 * 
Antennas IN STOCK MF S-1274, MES 122 ™ Ten-Tec ww 124 


Tuner 238 


MICROLOG-ART 1, Air Disk MOTOROLA AUTHORIZED DEALER 


SWL. Morse Coach pleey KACHINA COMMUNICATIONS DEALER 
Seen] "mena Er NEW! No Tune Mi 

Professional METRON ton BoD 950 wae SONY. gy to ae Lj 0 une icrowave 
Soldering KW HF Mobile Radios tor Business = 

ser’ | |“ DEALER cert meee) | WER Linear Converters 

46 Watts Stocked Stocked & serviced. | EQUIPMENT 

pene OVGIT AL FREQUENCY COUNTERS call for greet prices! 
2pte Ehectroncs moet 100M. 0 1300MHZ IN STOCK 


Board level RX/TX transverter modules and 
local oscillator: kit or assembled/tested 


EIMAC SANGEAN Portable Shortwave Radios 


saa cusec Linear operation allows all modes, ATV, 
tae SSB, Digital, Packet, FM 


BIRD MIRAGE AMPLIFIERS \ bs 

2 | eS ASTRON POWER SUPPLIES 

Wattmeters & & ie ‘au i “ New TEN TE 
AEA 440 MHz Elements f=" > Saxton Wit & Cable. Int'l Wire ae Il, PARAGON 
ANTENNAS InStock ~ - OPTO KEYERS STOCKED 


Available for: 903, 1269, 1296, 2304, 3456 MHz 


COMPLETE KITS 
SHF 900K with integral LO for 902 MHz $110 


AEA 144 MHz 
AEA 220 MHz 


AMERITRON AUTHORIZED DEALER 


MAIL ALL ORDERS TO BARRY ELECTRONICS CORP., 512 BROADWAY, NEW YORK CITY, NY 10012 (FOUR BLOCKS NORTH OF CANAL ST) 
or UAT AR oe SHF 1240 K for 1240-1300 MHz - specity 
New York City’s eg ee gpd per nm BAK. BAW. Bi 1269 or 1296 base $135 


SHF 2304 K for 2300-2450 MHz - MODE S 


“‘Aqul Se Habla Espanol"’ 
BARRY INTERNATIONAL TELEX 12 767( STOCKED: ICOM towre | ners’ Radio Publications, Unicien, Kenwood, Maxon. AFC downlink package available $185 
». MAXON : 


SHF 3456 K for 3456 MHz $185 


SHF-LO LO kit only, with XTL, 540-580 
MHz, +10- +14 dBm out $ 60 


Call or write for details on complete transverters and ophons 


MERCHANDISE TAKEN ON CONSIGNMENT 
FOR TOP PRICES 


Monday Frelay GAM tof OPM = Thurkday toe M 
tw aM 1M Free Paring 


WE NOW STOCK COMMERCIAL COMMUNICATIONS SYSTEMS 

HAM DEALER INQUIRES INVITED PHONE IN YOUR ORDER & BE REIMBURSE 
COMMERCIAL RADIOS stocked & serviced on promises 

Amateur Radio Courses Given On Our Premises, Call 

Export Ordere Shipped Immediately. TELEX 12-7670 


yong St Station’ Subways: BMT 
aon” IND-F* Train-Bwy Staton ALL 


Proce St 


soadway #6 to Spring St Path 9th St /6th Ave SALES . 

wf gae: miles iit 4 FINAL FAX: 212-925-7001 
SHE Systema Down East Microwave 
re Hoe on t . kee 


* Interference Location * VHF and UHF Coverage 
“ONLINE” U.S. CALL DIRECTORY 
* Stuck Microphones cc. . * Computer Interface 


* Cable TV Leaks * Speech Synthesizer 


Hamcall service gives you a// hams via 
your computer & modem. Updated each 
month! Only $29.95 per year. Unlimited 


use - you pay for phone call 


%* Security Monitoring oe * 12 VDC Operation 


BUCKMASTER PUBLISHING 
Route 3, Box 56 
Mineral, Virginia 23117 
703/894-5777 visa/mc 800/282-5628 


New Techno! (patent pending) converts any VHF or UHF FM receiver into an 
advanced Doppler shift radio direction finder. Simply plug into receiver's antenna 
and external speaker jacks. Uses four omnidirectional antennas. Low noise, high 
sensitivity for weak signal detection. Call or write for full details and prices. 


DOPPLER SYSTEMS, INC. P.O. Box 31819 
Phoenix, AZ 85046 (002) 488-9755 
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Tell ‘em you saw it in HAM RADIO! 


FIGURE 10 


ACTIVATE —— 


T/R switch schematic. 


ure match isn't far from max gain, but that's about as quan- 
titative as | can get 


Performance 


On-the-air results have been good. | actually used the trans- 
verter for quite a while at the 250-mW level, and surprised 
myself by working most of peninsular Florida. | made some 
of my best contacts with an indoor antenna and the pieces of 
my project spread across my desk. Moving up to 4 watts put 
me within 3 dB of the mainstream of off-the-shelf 2-meter SSB 
rigs (that's about half of one S-unit), and to a level that could 
be used with commercial amplifiers. It also netted me contacts 


TO TR RELAY 
DRIVERS 
TO PA + PREDRIVERS 


1N4148 


(OPOT MAY 
BE USED) 


TO LO, & RF AMP, 
TR SWITCH 


*+24V +#12V 


Parts sources 
Digi-Key 

701 Brooks Avenue South. PO Box 677 

Tihnet Rivet Falls. Minnesota 56701-0677 

A broad line of passives. sernconduciors and 
Mini-Circuits 

PO Box 350166. Brooklyn. New York 11235-000 

Mixers, splitters, hybrids. etc . will sell to individual 
Amidon Associates 

12033 Otsego Street, North Hollywood, California 91607 


Toroids, ferries, nductive components 


5 Concepts. Inc 


wn Street, Dayton, Ohio 45402 


RF parts and kits, hard-to tind trimmer nip caps. transistors. ATV parts 


RF Parts 


with five southeastern states using a small antenna at rooftop 


height 


I'dlike to thank Jim Hagan, WA4GHK, forhispartinthecon- REFERENCES 
ceptual design of this circuit and for helping me with on-the- repose 


air tests 


LOGWRITE 


Bring your station into the computer age with LOGWRITE, 
the menu driven, user friendly logging program written by Ed 
Troy (NGAV) LOGWRITE @ the perfect accessory for the 
complete ham station [1 simplifies your operation and gives 
you the competitive edge in contesting and DX'ing. LOGWRITE 
works with all IBM PO’ and compatibies 


LOGWRITE’® unique split screen feature allows for simul 
taneous logging and text processing Logging features include 


Instant call sign or prefix search 

Print, Edit, or View records 

Pienty of room for notes & addresses 
Automatic time/date stamping 


Text processor features automatic word wrap, backspace cor 
rect, and scrolling Throw away your pen and paper! 


To order your copy of LOGWRITE, complete with instruction 
manual, send $24.95 (fa residents add $1.%) sales tax) to 


Aerospace Consulting 
P.O, Box 534, Buckingham, PA 18912 
(215) 345-7184 


© call 1.800) 145.4156 ext S4 to order with Vina) Master 
Card. (Please specify 3. of $25 inch Moppy) 
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1320 Grand Avenue. San Marcos. California 92069 


RF power devices. GaAsFETS. and many other transis 


SYNTHESIZED 
SIGNAL GENERATOR 


MODEL 
| $G-100F 
MADE IN $429.95 
USA delivered 
¢ Covers 100 MHz to 199.999 MHz in 
1 kHz steps with thumbwheel dial ¢ 
Accuracy +/— 1 part per 10 million at all 
frequencies © Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate © External FM 
input accepts tones or voice * Spurs and 
noise at least 60 dB below carrier ¢ Out- 
put adjustable from 5-500 mV at 50 Ohms 
© Operates on 12 Vdc @ 2 Amp 
Available for immediate delivery * $429.95 
delivered « Add-on accessories available 
to extend freq range, add infinite resolu- 
tion, AM, and a precision 120 dB attenuator 
¢ Call or write for details * Phone in your 
order for fast COD shipment. 


VANGUARD LABS 
196-23 Jamaica Ave., Hollis, NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 
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